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Abstract:

The Evolvable Systems Group at NASA Ames Research Center has developed the ability to use evolu-
tionary algorithms (EAs) for spacecraft antenna design, fault tolerance for programmable logic chips, analog
[Lohn and Colombano 1998] and digital [Lohn et al. 2002] circuit design. In some of these areas, evolutionary
algorithms match or improve on human performance. Due to space limitations for this abstract, we discuss
selected areas:

Spacecraft Antenna Design

Designing antennas by hand is slow and requires great expertise. We have automated antenna design
using a tree-structured representation which matches the tree-structure of the corresponding antennas. We
have evolved small, efficient antennas for NASA’s Space Technology 5 mission that, according to simulation,
meet the requirements. In addition, the fitness function evaluates an antenna design multiple times, each with
a small random perturbation applied to joint angles and wire radii to account for manufacturing tolerances.
The addition of manufacturing noise results in antennas that perform well across a broad range of frequencies.

Self-repairing FPGAs

Space radiation is significant threat to spacecraft avionics. Shielding and redundancy play an important
role in radiation mitigation, but new techniques are proving to show promise. We have demonstrated that
field-programmable gate array chips can be rapidly reconfigured under evolutionary search in order to repair
permanent latch-up fault damage. Because FPGAs can be rapidly reconfigured at hardware speeds, this
approach shows promise in being able to provide fault-recovery at real-time or near real-time speeds.
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